1. Introduction
===============

Temporomandibular disorders (TMD) are complex and multifactorial diseases. The common signs and symptoms of TMD are orofacial pain, clicking or crepitus of the temporomandibular joints (TMJ), limited mandible movement, and deviation from the midline during movement.^\[[@R1],[@R2]\]^ Besides local TMJ pain, TMD is often associated with simultaneous pain in the head, neck, and back areas. The evidence from clinical and epidemiologic studies shows that TMD coexists with numerous systemic disorders including fibromyalgia, low back pain (LBP), spinal pain, chronic fatigue syndrome, irritable bowel syndrome, sleep disorders, tension-type and migraine headaches, and allergic conditions.^\[[@R3],[@R4],[@R5]\]^ TMD seems to be of multifactorial etiology, including parafunctional habits, bruxism, deleterious body posture, occlusal features, trauma, overload, and stress^\[[@R6],[@R7],[@R8]\]^; hence, TMD is not easy to cure. Owing to the complexity of the symptoms and etiology, many patients with TMD cannot be appropriately treated according to the cause of the disease.

In fact, LBP and TMD often coexist in clinical practice. If we treat patients focusing on the TMJ only, the symptoms will easily recur. This reminds us that we should determine the cause of the condition in advance or manage comorbidities simultaneously. Previous studies have documented a significant association between LBP and TMD.^\[[@R4],[@R5],[@R9],[@R10]\]^ In 2000--2005 US National Health Interview Survey, 64% of 189,977 patients with TMD reported LBP.^\[[@R4]\]^ Wiesinger et al.^\[[@R9]\]^ reported significant associations between back pain and musculoskeletal disorders in the jaw or face and indicated the comorbidity between these two conditions. However, these investigations were only cross-sectional studies; studies involving a large population with longitudinal evidences are limited. Moreover, data on the possible mechanism linking LBP to TMD are lacking.

LBP is the most common musculoskeletal condition affecting the adult population, and \>70% of the population has experienced acute episode of LBP at some point in their lives.^\[[@R11]\]^ The common causes of LBP include muscle strain, herniated intervertebral disc, degenerative joint, sacroiliitis, spinal stenosis, sciatica, and other unspecified back disorders.^\[[@R12],[@R13],[@R14]\]^ If LBP and TMD occur concurrently, functional activities would be mostly affected. Therefore, early prevention of TMD occurrence as comorbidity in patients with LBP is important, to avoid the profound functional limitation. To achieve that, this study aimed to investigate the association between LBP and first-onset TMD and to determine the possible mechanism linking these two diseases, using the Taiwan\'s National Health Insurance Research Database (NHIRD) with a 15-year follow up.

2. Methods
==========

2.1. Data sources and ethics
----------------------------

Data retrieved from the 2000--2015 Longitudinal Health Insurance Database, a subset of Taiwan\'s NHIRD, were used in this study to investigate the association between LBP and TMD over a 15-year period. The NHIRD comprises comprehensive data on disease diagnoses coded by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)^\[[@R15]\]^; treatments and procedures; service dates; patients' demographic characteristics; and drug prescriptions. The NHIRD is strictly used for research purposes, and all personally identifiable information is encrypted before being released to researchers to maintain patients' confidentiality. The National Health Insurance program was launched in Taiwan in 1995 and, as at June 2009, included contracts with 97% of healthcare providers, with approximately 23 million beneficiaries or \>99% of the entire population. Several studies have shown the accuracy and validity of diagnoses in the NHIRD.^\[[@R16],[@R17]\]^ This study received approval from the Tri-Service General Hospital (IRB No.2-103-05-043). Since the patient identifiers were encrypted to protect patient confidentiality before the data were used for research purposes, the requirement for patient written or verbal consent was waived.

2.2. Study design and sample population
---------------------------------------

This retrospective matched-cohort study analyzed patients with LBP-related diagnosis from January 1, 2000 to December 31, 2004 according to the following ICD-9-CM codes: 720.2, 721.3, 721.42, 722.10, 722.52, 722.73, 722.9, 724.02, 724.2, 724.3, 724.5, 724.9, and 847.2 (Table [1](#T1){ref-type="table"}).^\[[@R18],[@R19]\]^ Each enrolled LBP patient was required to have made at least six outpatient visits or one inpatient visit. All diagnoses of LBP were made by a board-certified rehabilitation, orthopedics, neurology, neurosurgery, and orthopedic doctor. For each patient with LBP, three patients without LBP, who were matched for sex, age, medical visits, and index year, were allocated to the comparison group. A total of 260,484 patients (study group, n = 65,121; comparison group, n = 195,363) were enrolled in this study. Both groups were followed-up from the index date until the onset of TMD, withdrawal from the NHI program, or the end of 2015. The diagnosis of TMD was based on the ICD-9-CM code 524.6, which was adapted from previous studies,^\[[@R6],[@R20],[@R21]\]^ and has been used widely in population studies. All diagnoses of TMD were included at least 1 year after the LBP diagnosis and confirmed by board-certified rehabilitation physicians or dentists according to the physical examination or imaging findings, including three groups of the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD).^\[[@R22]\]^

###### 

Diagnosis groups with corresponding ICD-9-CM codes.
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The flowchart of the study sample selection process is presented in Figure [1](#F1){ref-type="fig"}.

![Flowchart of study sample selection from the National Health Insurance Research Database in Taiwan.](medi-99-e18686-g002){#F1}

2.3. Exclusion criteria and comorbidities
-----------------------------------------

Patients diagnosed with

1.  LBP and TMD before 2000 (or LBP prior to the first visit for TMD);

2.  those with diseases and injuries that may involve the temporomandibular joint (details provided in Table [1](#T1){ref-type="table"});

3.  those aged \<20 years or \>70 years; and

4.  those with unknown sex were all excluded from the study.

Associated systemic diseases and risk factors for TMD were analyzed to compare the effect of these confounding factors between the two groups.^\[[@R6],[@R23],[@R21]\]^ Comorbidities were identified using the ICD-9-CM diagnosis codes, and detailed information was shown in the Table [1](#T1){ref-type="table"}.

2.4. Statistical analysis
-------------------------

All analyses were performed using SPSS version 22 (IBM Corp., Armonk, NY). The chi-square test and *t* test were used to statistically examine the differences between the two cohorts. Multivariate Cox regression analysis was performed to determine the risk of TMD, with the results of the analysis presented as hazards ratio (HR) with 95% confidence interval (CI). The difference in the risk of TMD between the study and comparison groups was estimated using Kaplan-Meier analysis with the log-rank test. A two-tailed *P* value \<.05 was considered statistically significant.

3. Results
==========

3.1. Sample characteristics
---------------------------

The characteristics of the study participants are presented in Table [2](#T2){ref-type="table"}. There were no significant differences between the study and comparison groups in terms of sex, age, and comorbidity such as nonpsychotic mental disorders. There were significant differences in the insured premium (IP), level of care, and most of the comorbidities, such as hypertension, diabetes mellitus, congestive heart failure, stroke, chronic obstructive pulmonary disease, chronic kidney disease, migraine, osteoporosis, hyperlipidemia, nonpsychotic mental disorders, psychoses, coronary artery disease, insomnia, rheumatoid arthritis, and Charlson comorbidity index revised (CCI_R) between the study and control groups.

###### 

Characteristics of the study and comparison group at baseline.

![](medi-99-e18686-g003)

3.2. Kaplan--Meier analysis of the cumulative risk for TMD
----------------------------------------------------------

The LBP group showed a significantly higher cumulative risk of TMD than the non-LBP group (log-rank *P* \< .001). The cumulative risk of TMD became significantly different between the 2 groups since the tenth year of tracking (Fig. [2](#F2){ref-type="fig"}). We divided the follow-up duration into 3 periods and found that the difference became significant since the 6 to 10-year period and became more significant as the LBP became more chronic (Table [3](#T3){ref-type="table"}).

![Kaplan-Meier for cumulative risk of first-onset TMD in patients aged 20 to 70 years stratified by low back pain with log-rank test. LBP = low back pain, TMD = temporomandibular disorder.](medi-99-e18686-g004){#F2}
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Risk of temporomandibular disorder among different tracking year.
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3.3. Factors for the incidence of TMD in the Cox regression analysis
--------------------------------------------------------------------

The Cox regression analysis showed that the adjusted HR for the development of TMD was 1.561 times greater in the LBP group than in the non-LBP group (95% CI: 1.220--1.996, *P* \< .001), after adjusting for demographic variables and comorbidities.

There was a higher risk of TMD in younger patients than in older patients (60--70 years) \[adjusted HR for 20--29 years = 5.615, *P* \< .001; for 30--39 years = 2.406, *P* = .001\]. Moreover, those with higher IP showed a higher incidence of TMD than those with lower IP \[adjusted HR for 18,000--34,999 NT = 12.741 (*P* \< .001), for ≧35,000 NT = 33.684 (*P* \< .001)\]. Moreover, osteoporosis was also a risk factor contributing to TMD occurrence (adjusted HR = 1.860, *P* = .003) (Table [4](#T4){ref-type="table"}).

###### 

Risk Factors for the incidence of TMD in the Cox regression analysis.
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3.4. Risk of TMD between the study and comparison groups stratified by variables and comorbidities
--------------------------------------------------------------------------------------------------

The LBP group had a higher risk of TMD occurrence than the non-LBP group in all stratifications (Table [5](#T5){ref-type="table"}).

###### 

Risk of temporomandibular disorder between study group and comparison group stratified by variables and comorbidities.
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4. Discussion
=============

Based on the results, the overall adjusted HR of TMD occurrence in the LBP group was 1.561 (95% CI: 1.220--1.996, *P* \< .001) after adjusting for demographic variables and comorbidities. In other words, the patients with LBP had a 1.561-fold increased risk of developing first-onset TMD than the patients without LBP. The subgroup analysis stratified by demographic variables and comorbidities also revealed a higher risk of TMD in the LBP group than in the non-LBP group in all stratifications. It indicated LBP as a strong risk factor contributing to the occurrence of first-onset TMD. To the best of our knowledge, this is the first report that investigated the association between LBP and the risk of developing first-onset TMD through a nationwide population-based cohort study, with 15 years of follow-up. The study results support previous cross-sectional observations of comorbidity relationship between LBP and TMD.^\[[@R4],[@R5],[@R9],[@R10]\]^ However, their results only demonstrate the coexistence of LBP and TMD, but not that LBP may contribute to the development of first-onset TMD, as reported in the present study with 15-year follow-up. In the cumulative risk of TMD, we found that the difference between LBP and non-LBP groups became significant since the 6--10-year follow-up (Table [3](#T3){ref-type="table"}), indicating that when LBP became more chronic, the occurrence of TMD would be more obvious.

Patients with LBP usually reveal problems in the lumbar spine and in the pelvic and hip joints.^\[[@R24]\]^ A recent electromyography study demonstrated that cervical postural muscles (deep neck flexors) were more difficult to recruit in non-neutral spinal lumbopelvic alignment than in a neutral posture.^\[[@R25]\]^ Therefore, problems in the lumbar-pelvis-hip (LPH) complex will affect the normal coordination of the neck muscle. Fink et al^\[[@R26]\]^ proposed the functional relationships between the craniomandibular system, cervical spine, and the sacroiliac joint. Another study also documented that LBP might be associated with an increased incidence of neck pain.^\[[@R27]\]^ Moreover, TMD was already confirmed to be related to cervical pain or upper quarter dysfuntion.^\[[@R28],[@R29]\]^ El-Hamalawy^\[[@R30]\]^ reported that the forward head movement correction can improve myogenic temporomandibular joint dysfunction. Seagreen reported that tensed muscles around the head and neck would induce TMD symptoms.^\[[@R31]\]^ Therefore, problems in the LPH complex can affect the head and neck, subsequently causing temporomandibular joint dysfunction. This may explain why patients with LBP would develop first-onset TMD, and the trend became obvious with chronic LBP of \>6 years. However, the real mechanism of LBP triggering TMD still needs further investigation.

Regarding the factors affecting the incidence of first-onset TMD, patients with younger age, higher IP, and osteoporosis have an increased risk of first-onset TMD. There was a higher risk of TMD in the 20--29- and 30--39-year-old groups than in the other age groups. The age prevalence was similar to those reported in other studies.^\[[@R2],[@R32]\]^ Gonçalves et al^\[[@R2]\]^ reported that the age groups with the largest proportion of first-onset TMD were the 31--40-year-old and 21--30-year old age groups (21.3% and 20.2%, respectively). In Aggarwal et al\'s study, patients aged 18 to 35 years were significantly more likely to report new oral facial pain at the 2-year follow-up than those aged 64 to 75 years.^\[[@R32]\]^ Stress factors and low adaptive capacity might explain why young people were most affected.^\[[@R33]\]^ The finding could be supported by other data from our results in the present study, indicating that those with middle (18,000--34,999 NT) and high (≥35,000 NT) IP showed a high risk of TMD occurrence. In the Taiwan NHI Program, a higher IP may indicate a higher socioeconomic status, which may be associated with higher stress. Stress is usually related to the presence of TMD pain that may be due to increased activity of the masticatory muscles, which is a compensatory reaction to stress.^\[[@R8],[@R34]\]^ Contrarily, a Brazilian study reported that poor economic class was significantly associated with the diagnosis of TMD.^\[[@R35]\]^ However, another US study showed that the socioeconomic measures were not significantly associated with TMD incidence in their participants.^\[[@R36]\]^

Our data showed that osteoporosis is a risk factor contributing to TMD development in patients with LBP. Previous studies proposed that subchondral bone loss or osteoporotic changes in the temporomandibular joint may account for the high risk of TMD occurrence in LBP patients when combined with osteoporosis.^\[[@R37]--[@R40]\]^ With regard to the association between osteoporosis and the occurrence of TMD, osteoporosis may induce bone loss in both the condyle and temporal components of the TMJ and impede the functional harmony of the masticatory system, increasing the occurrence of TMD.^\[[@R39],[@R40]\]^ In addition, our results indicate that migraine is not a risk factor for TMD development. Although some previous studies^\[[@R41]--[@R43]\]^ reported that migraine is a common symptom in TMD individuals, they only proposed a comorbidity relationship between migraine and TMD according to cross-sectional evidence, using TMD questionnaires or physical examination. However, our cohort study demonstrated that there was no cause--effect relationship between migraine and TMD with 15 years of follow-up. This may be because the prevalence of migraine was significantly higher in individuals with myofascial TMD than in those with non-myofascial TMD.^\[[@R44],[@R45]\]^ However, myofascial TMD only involves group I of RDC/TMD, and our study enrolled three groups of RDC/TMD. Therefore, the cause--effect relationship between myofascial TMD and migraine needs to be further investigated with a longitudinal follow-up.

The event rate of TMD in the present study is lower than that in other studies,^\[[@R3],[@R10]\]^ which may be due to the following reasons. First, this study had stricter inclusion criteria such as TMD patients with identification ICD-9 code of 524.6 confirmed by doctors during outpatient or inpatient visits. Many previous studies only included patients who responded to a questionnaire or telephone interview.^\[[@R3],[@R4],[@R10],[@R36]\]^ The real incidence of TMD in the Taiwan population was much higher than that found in medical records, because many patients with TMD did not seek medical treatment. Moreover, the difference in ethnicity should also be taken into consideration.^\[[@R4],[@R10]\]^

4.1. Limitations and strengths
------------------------------

There are several limitations in this study. First, there are many etiologies of LBP, but our study only analyzed the most common related diagnosis. Otherwise, data on pain severity, laboratory parameters, and radiologic images were not available in the NHIRD; thus, we could not classify the severity of LBP among the enrolled participants. Second, the actual prevalence of TMD might have been underestimated in the NHIRD, because some symptoms associated with TMD are often observed in other diseases, resulting in confusion or misdiagnosis.

Moreover, the major strength of our study is that we used data based on clinical diagnosis, which enabled a reliable cohort assessment. Furthermore, our longitudinal cohort study could overcome the major limitation of cross-sectional and case-control study designs by only providing information on disease incidence.

5. [C]{.smallcaps}onclusion
===========================

LBP is a risk factor contributing to the development of first-onset TMD. Therefore, for appropriate TMD management, clinicians should be reminded to manage both LBP disorders and TMD concurrently, especially among individuals presenting with associated risk factors, such as age 20 to 39 years, high IP, and osteoporosis.
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